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Technical  Report  No.  15036-41  described  a vortex  burner  for 
studying  the  flame  stability  of  & wide  variety  of -fuels  and  fuel  mixtures. 
The  influence  of  certain  burner  parameter®  was  described  and  those  which 
required 'f  urther  investigation:  wssre  discussed. 

This  report  is  a supplement  to  Technical.  Report  No*  15036-4  and 
describes  the  results  of  further  investigations  of  the  burner.  Described 
in  this  report  are  the  influence  of  the  temperature  of  the  air  and  cl'  the 
fuel  on  tho  stability  of  resulting  lean  flames,  the  range  sf  useful  oper- 
ation or  the  burner  in  a possible  practical  application-  the  edification 
of  the  turner  oy  the  installation  of  a Smitheils^  tube  in  order  that  rich 
stability  ~i.su.ts  may  be  studied,  ur.d  the  pressure  drop  through  the  burner 
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and  lints  over  a vide  range  cf  air  rates.  Still  to  be  studied  Is  tho  in- 
fluence on  flans  stability  of  burner  nozzles  with  divergent  recovery  sec- 
tions longer  than  three  inches. 

MODIFICATION  OF  APPARATUS 

The  construction  and  operation  of  the  vortex  burner  and  its  aux- 
iliary equipment  were  described  and  illustrated  in  Technical  Report  No. 
15036-4.  The  burner  used  in  the  present  experimart.s  va3  essentially  un- 
changed, A nozzle  with  a 1/4- in.  throat  and  a 3-in.  recovery  section  vea 
used.  A nanometer  end  suitable  Bourdon  gauges  were  installed  to  measure 
back  pressure  in  the  air  line  at  the  meterir.g-orif ice  outlet.  These  had 
no  influence  on  the  operation  of  the  burner.  Other  modifications  made 
for  a specific  purpose , 3uch  as  the  use  of  a Smithella  tube  for  studying 
rich  and  lean  blov-off  limits,  and  the  use  of  a refractory  surface  hear- 
ing a thermocouple  to  study  the  range  of  usefulness  of  the  burner,  did 
not  change  the  principle  of  operation,  nor  did  they  affect  the  behavior 
of  lean  flfuses  to  an  appreciable  extent. 

In  the  studies  of  pressure  drop,  ell  four  tangential  air-admi3- 
sicn  ports  were  open.  This  was  done  to  reduce  to  a minimum  the  pressure. 
It  was  shown  in  Technical  Report  No.  15036-4  that  flame  stability  was  in- 
dependent of  the  number  of  air-admission  ports  which  were  open. 

SN_SlAflILin  OF  PRCPAX3  FUK5& 

The  Influence  of  the  temperature  cf  the  air  ar.d  of  the  fuel  on 
flame  stability  was  studied  at  given  temperatures  in  the  range  of  34  F to 
F,  using  propane  as  the  fuel. 
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Figure  1 shows  stability  curves  at  the  extremes  of  the  tempera- 
ture range.  The  curves  for  the  intermediate  temperatures  would  lie  be- 
tween the  two  curves  shown.  They  have  been  omitted  in  the  interests  of 
clarity. 

Figure  2 shows  the  influence  cf  bath  temperature  on  the  fuel  re- 
quirements at  blow-off  at  five  air  rates.  At  an  air  rate  of  about  21  li- 
ters per  minute,  increasing  the  mixture  tempera ture  from  34  F to  187  F re- 
duces the  fuel  requirement  at  the  stability  limit  from  569  to  516  cc  per 
min,  -&r=-9*4  per  cent.  At  the  top  air  rate  of  about  46  liters  per  minute, 
the  3ame  change  in  temperature  permits  the  use  cf  only  8.3  t>er  cent  lor? 
fuel. 

Figure  3 shov3  the  influence  cf  bath  temperature  on  the  fuel  re- 
quirements at  the  stability  limit,  the  linear'  velocity  in  the  throat,  and 
the  back  pressure  in  the  air  line  at  an  air  rate  of  about  46  liters.  The 
volumetric  fuel  flows  are  shown  both  as  metered  at  70  F and  at  the  vary- 
ing throat  temperatures  between  34  F and  187  F.  The  average  velocity  in 
the  throat  is  shown  for  air  flew  alone  and  for  the  combined  air  and  fuel 
flows.  The  pressure  drop  is  that  measured  in  the  air  line  between  the 
burner  and  the  air-metering-orifics  outlet. 

From  these  results,  it  is  believed  desirable  to  investigate  the 
influencsToF  the  temperature  of  the  burner  on  flame  stability  over  & much 
wider  range  of  temperature.  This  will  require  a heated  humor  nozzle  be- 
cause if  is  not  desirable  to  preheat  the  fuel  above  200  F,  Envisioned  for 
^tris  work  is  a burner  nozzle  with  a longer  recovery  section  which  has  a 
thin  wall.  The  recovery  section  could  then  project  above  the  water  bath 
and -fee  heated  or  cooled  externally,  as  desired,  independently  of  ths  water 
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FIGURE  1. 


STABILITY  LIMITS  OF  PROPANE  FLAMES  ON  A VORTEX 
BURNER  AT  T*0  BATH  TEMPERATURES.  A*  ft  AND  FUEL 


METERED  AT  70  F 
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FIGURE  3.  INFLUENCE  OF  TEMPERATURE  OF  Al  R AND  FUEL  ON 

FUEL  -REQUIREMENTS,  VELOCITY  AND  BACK  PRESSURE 
AT  ONE  AIR  RATE  ON  A VORTEX  BURNER 
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Velocity  in  TRroat,  ft  per  second 


bath,  which  would  serve  to  keep  the  fuel  cooled  below  the  cracking  point 
until  it  was  nixed  with  the  air  in  the  throat  and  pasted  into  the  combus- 
tion tone  in  the  recovery  section , 


re  Em  OPERATING  RANGE  VF 
THE  VORTEX  BURNER 


With  the  possibility  of  practical  applications  of  this  new 
burner  in  Bind, the  limits  of  fuel-air  mixtures  within  which  effioient  coo- 
bust  ion  occurs  vara  studied  by  temperature  measurements  in  the  flaas*  4 
silica  insulating  brick  was  pierced  in  the  center  of  its  4-1/2  in.  by  9- 
in.  fact  and  a Chrome  1- Huso  1 thermocouple  was  placed  in  the  hole  so  that 
the  metallic  junction  just  protruded  from  the  surface  of  the  brick*  The 
brick  was  placed  above  the  port  of  the  vortex  burner  so  that  the  thermo- 
couple was  app-axinately  on  the  axis  of  the  burner  and  about  -two  in.  above 
the  burner  port.  The  arrangement  is  shown  schematically  in  Figure  4* 

In  the  experimental  work,  a flame  was  Ignited  on  the  vortex 
burner  with,* the  thermocouple-bearing  brick  in  place.  The  fuel  flow  was 
then  reduced  until  the  flame  was  barely  stable.  This  flame  was  maintained 
until  periodic  readings  on  the  potentiorstcr  shoved  that  temperature  equi- 
librium had  been  reached.  Then  the  flow  of  fuel  was  increased  by  conven- 
ient increments,  until  the  temperature  of  the  thermocouple  dropped  off 
sharply  and  the  flame  became  large  and  of  a configuration  which  would  be 
useless  in  releasing  heat  rapidly  in  a small  volume. 

Figure  5 shows  the  change  in  the  temperature  of  the  thermocouple 
with  change  in  the  composition  of  methane-air  mixtures  at  air  ratee  of 
14*3  and  47*7  liters  par  minute  on  the  vortex  burner.  If  the  empirically 
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FIGURE  5.  CHANGE  IN  THERMOCOUPLE  TEMPERATURE  OvEP  A RANGE 
OR  FUEL- AIR  COMPO  SI  T i C N FOR  METHANE  FLAMES  AT 
air  r a t E S of  14.3  and  47.7  LITERS  PER  MINUTE  ON 
A VO  Rt  £ x BURNER 
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obtained  temperature  level  of  650  C it  arbitrarily  texen  to  the  limit  of 
satisfactory  usefulness,  then  the  burner  is  useful  with  mixtures  contain- 
ing frosi  6U  to  130  per  cent  of  theoretical  air  at  high  air  rates,  and  from 
60  to  140  per  cant  of  theoretical  air  at  low  air  rates. 

This  empirical  method  of  testing  appears  to  be  satisfactory  for 
era lust leg  the  limits  of  usefulness  of  the  vortex  burner. 

USE  Or'  THE  VORTEX  3CRHER  FOR  STTOIIPG 
RICH  STABILITY  LOOTS. 

V 

0 

To  study  rich  stability  limits  with  the  vortex  burner,  a 

f 

Saithells  flame-separator  tube  is  installed  to  exclude  ambient  air  from 
the  environs  of  ths  burner  port.  No  other  modifications  to  the  burnsr 
proper  are  required. 

i Figure  6 shows  schematically  the  arrangement  of  the  burner  and 

the  Smithells  tube.  The  bottom  of  the  Smith*  11s  tube  extends  below  the 
level  of  the  water  in  ths  con# tart- temperature  bath  surrounding  the  burner. 
A aprey  of  water  vaa  directed  against  the  outer  periphery  of  the  Smithell3 
tube  to  maintain  the  tube  approximately  at  a uniform  temperature  that  con- 
sistent data  might  be  obtained. 

With  this  arrangement,  lean  blow-off  was  studied  by  the  proce- 
dure outlined  in  the  Technical  Report  No.  15036-4.  To  determine  the  point 
of  rich  blow-off  at  a given  air  rate,  the  flow  of  fuel  was  increased  by 
convenient  increments  until  the  vortex  flame  lifted  from  the  burner  port, 
roso  up  the  Smithells  tube  and  burned  in  a large  Bunsen-type  flame  on  the 
rim  of  the  Snitheils  tube.  If  the  flow  of  fuel  wee  then  decreased  by  one 
I increment  the  flame  flashed  dewn  the  Saithells  tuce  and  turned  stably  in 
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the  recovery  section  of  the  vortex  burner.  This  point  is  quite  sharply 
defined  and  represents  a reproducible  measure  of  rich  blow-off. 

Figure  7 shows  lean  blow-off  curves  for  methane  flames  on  the 
vortex  burner  with  and  without  a Smithell  tube.  Also  shown  is  the  rich 
blow-off  curve  obtained  when  the  Smithells  tube  is  used.  The  double  re- 
versal in  the  curvature  of  the  lean  blcw-off  curve  obtained  with  the 
Smithells  tube  is  believed  to  be  caused  by  some  variations  in  the  degree 
of  external  cooling  of  the  Smithells  tube  by  the  water  spray. 

The  results  of  these  experiments  indicate  that  a further  inves- 
tigation of  both  lean  and  rich  blow-off  using  a more  refined,  water- jack- 
eted  Smithells  tube  and  & variety  of  fuels  should  give  useful  information. 

PRESSURE  DROP  THROUGH  BURNER 
AND  DELIVERS  LINES 

The  pressure  drop  through  the  burner  and  the  air  delivery  lines 
fe  important  because  it  is  convenient  to  operate  metering  orifices  within 
the  range  of  critical  flov.  Thus,  the  ratio  of  driving  pressure  to  back 
pressure  at  the  orifice  must  be  about  two  or  greater,  Careflil  measure- 
ments c '*  ’Tessure  drop*  ir»  the  system  have  shown  that  the  major  portion 
of  the  total  pressure  drop  occurs  in  the  1/8-in.  pipe  lines  making  up  the 
system  that  delivers  fuel  and  air  from  the  orifices  to  the  burner.  The 
earlier  use  of  l/4-ln.  lines  permitted  periodic  oscillations  in  the  sys- 
tem at  low  flow  rates  that  interfered  with  -stability  studies  by  extinguish- 
ing the  flames  prematurely. 

The  solution,  therefore,  was  to  reduce  the  sire  of  the  lir.es  end 
tc  use  & single  orifice  or  combination  of  two  *r  three  sices  to  give  criti- 
cal flow  at  the  desired  flow  rates. 
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Air*  Input  to  Burner,  1 iters  per  minute 


FIGURE  7.  LEAN  8L0#-0FF  W I TH  AN  C WITHOUT  A 3*/ITH£LLS’  TU8E 
AND  RICH  BLOW-OFF  WITH  A SMITH  ELLS’  TUBE  FOR 

methane  flames  over  a range  of  air  rates  on  a 

VORTEX  BURNER 
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Figure  8 shows  the  results  of  calibration  studies  of  the  rates 

of  flow  obtainable  with  three  different  single  orifices  and  their  coabua- 

tions  operating  in  the  range  of  critical  flow.  It  is  sTident  that, with 
driving  pressures  of  20  to  60  peig,  flow  rates  of  11  to  141  liters  per 
minute  can  be  attained  in  the  present  system,  which  is  satisfactory. 

PEKAVIQR  CT  FLAKES  AT  BUX-QFF  AT  HIGH 

Preliminary  work  has  shown  that  the  vortex  burner  can  be  used 
to  study  the  blow-off  of  flexes  at  high  air  rates. 

Figure  9 shows  the  air-fuel  composition  of  the  methane  flames 

at  blow-off  over  a range  of  linear  air  velocities  in  the  burner  throat. 

Air  velocities  up  to  160  feet  per  second  in  the  throat  can  be  used,  with 
tolerable  pressure  drops  in  the  burner  itself. 

Figure  10  shows  the  pressure  drop  and  velocity  in  the  throat 
for  methane-air  mixtures  at  air  rates  up  to  93  liters  per  minute  on  the 
vortex  burner. 

CCNCaSIOaS  AKD  COMMENTS 

As  a result  cf  this  investigation  of  the  characteristics  of  the 
vortex  burner  for  studying  hydrocarbon  flames,  the  following  conclusions 
may  be  drawn t 

'.  Fiar.e  stability  is  dependent  cn  the  temperature  of 
the  air  end  of  the  fuel  admitted  to  the  burner.  An 
increase  in  the  temperature  of  the  ur.burnecJ  react- 
ants produces  an  increase  in  flame  stability,  that 
lo,  at  u given  r.lr  rate  less  fuel  is  required  when 
the  reactants  are  at  a higher  temperature  than  when 
th*»y  are  at  a low  temperature. 

i 
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FIGURE  8.  RELATIONSHIP  BETaEEN  AIR  FLO 'A  THROUGH  BURNER 
AND  THE  RATIO  OF  CRIVING  PRESSURE  TO  8AC* 
PRESSURE  AT  SEVEN  LEVELS  OF  OR*  VI  N C-  PRESSURE 
0'»  A VORTEX  9'JRNEP 


Average  Air  Velocity  in  Throat,  ft  per  second 


FIGURE  3,_  AIR  VELOCITY  AT  3L0.V-0F.F  JOS  ME  THANE- A I 9 

Ft  AM  t $ OVER  A RANGE  OF  FIXTURE  COMPOSITION 
ON  A VO  ft  TEX  8U  RN  £ h .VI  TH  A 1/4-  I N CH  TH  RO  AT 
AND  A 3-iNCH  RECOVERY  SECT' ON 
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FIGURE  10.  PRESSURE  CROP  AND  VELOCITY  IN  THROAT  FOR  ME  THAN  E- 
• Ai  R MIXTURES  AT  VARIOUS  AIR  RATES  ON  A VORTEX  8UR- 

I HER  el  TH  A 1/4- INCH  THROAT  AND  A 3- INCH  RECOVERY 

SECT!  ON 
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2.  The  practical  operating  range  of  the  burner 
with  s*e  than  e-air  f Iamb  appears  to  include 
mixture*  containing  60  to  140  per  cent  of 
theoretical  air.  Thie  factor  requires  fur- 
ther study  with  other  fuels  and  fuel  mix- 
tures. 

3*  The  vortex  burner  fitted  with  a Ssithells 
tube  should  prove  useful  in  studying  the 
behavior  of  mixed  fuels  at  rich  blOv-off. 

4*  The  rather  high  pressure  drop  encountered 
in  the  system  appears  to  result  from  the 
length  of  the  supply  lines  and  the  pres- 
ence of  numerous  fittings.  Larger  lines 
would  reduce  pressure  drop,  but  they  were 
unsuitable  *t  low  flow  rates  because  of 
oscillations  induced  in  the  system. 

5.  The  vortex  burner,  in  its  present  font,  ap- 
pears to  function  satisfactorily  in  blow-off 
studies  with  lean  flames  at  air  rates  up  to 
93  liters  per  minute,  air  equivalent  to  ve- 
locities of  up  t.o  160  fpe  in  the  throat. 

The  work  suggests  that  it  would  be  of  interest  to  study  tbs  ef- 
fect of  externally  heated  reejvery  sections  on  the  nature  of  hydrocarbon 
flames*  further  studies  should  be  made  of  blow-off  at  very  high  air  rates 
&od  also  of  the  possibility  of  usirg  larger  air  linas  to  permit  higher 
rates  of  air  flow. 
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